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(54) POSITIVE ELECTRODE ACTIVE MATERIAL FOR NON-AQUEOUS ELECTROLYTE 
SECONDARY BATTERY AND EVALUATING METHOD THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To quickly and accurately determine the appropriateness of a 
positive electrode active material and to improve the cycle characteristic of a secondary 
battery by using a relation between a crystal structure obtained by the powder X-ray diffraction 
of a hexagonal system lithium composite oxide and the cycle characteristic as a reference. 
SOLUTION: In a hexagonal system lithium composite oxide represented by a formula: [Li]3a 
[Na1-x-yCox My]3b[02]6c (0J5<1-x-y<0.90, cobalt addition x:0.05<z<0.25, metal M addition y:0 
<y<0.15, added character of □ means site) and having a layer structure, in an atomic position 
coordinate obtained from the Rietveld analyzing result of X-ray diffraction, 1.065 or lower of the 
distortion (ODP) of an oxygen octahedron around the metallic atom of 3b site is used as a 
reference for determining the appropriateness of using a lithium composite oxide active material 
as a positive electrode active material for a non-aqueous electrolyte secondary battery. Herein, 
ODP indicates a distance between oxygen atoms within a surface made by an (a) axis and (b) 
axis or a distance between oxygen atoms outside the surface. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] formula: [Li]3a[nickel1-x~yCox M y] 3b[02]6c — here — addition of 0.75<1-x-y<=0.90 
cobalt Addition of x:0.05<=x<=0.25 and Metal M y:0<=y<=0.15 — again — [— the suffix of] 
expresses a site. 

Distortion of centering on metal atom of 3b site oxygen [ position coordinate / which was 
acquired from the lied belt analysis result of an X diffraction in the lithium multiple oxide of the 
hexagonal system which comes out, is expressed and has the layer structure / atomic ] 
octahedron (ODP=Octahedral Distoration Parameter) 

ODP= do-o, intra/do-o, inter however do-o, oxygen interatomic-distance do-o within the field 
where intra is made from an a-axis and a b-axis, and inter are positive active material for 
nonaqueous electrolyte rechargeable batteries characterized by this ODP value becoming 1.065 
or less when the oxygen interatomic distance outside a field is found. 

[Claim 2] Positive active material for nonaqueous electrolyte rechargeable batteries according to 
claim 1 which is characterized by the lattice constant of the a-axis obtained in lied belt analysis 
being 2.863-2.865A in the case of y= 0. 

[Claim 3] Positive active material for nonaqueous electrolyte rechargeable batteries according to 
claim 1 characterized by for Metal M being Mn and an ODP value being 1.060 or less. 
[Claim 4] Positive active material for nonaqueous electrolyte rechargeable batteries according to 
claim 1 characterized by for Metal M being aluminum and an ODP value being 1.058 or less. 
[Claim 5] Positive active material for nonaqueous electrolyte rechargeable batteries according to 
claim 3 or 4 which has a hexagonal mold and is characterized by the ratios (c/a) of a c-axis 
lattice constant and an a-axis lattice constant being 4.94 or more and 4.96 or less in the lied belt 
analysis result by the X diffraction in the lithium nickel multiple oxide whose seat pulse duty 
factor of the non-lithium ion of 3a site is 2% or less. 

[Claim 6] Positive active material for nonaqueous electrolyte rechargeable batteries according to 
claim 3. 4, or 5 characterized by the lattice constant of the a-axis obtained in lied belt analysis 
being 2.855-2.870A. 

[Claim 7] In the lithium multiple oxide of the hexagonal system which has the layer structure 
according to claim 1 The oxygen interatomic distance within the field made from an a-axis and a 
b-axis from the atomic position coordinate acquired from the lied belt analysis result of an X 
diffraction (do-o) The oxygen interatomic distance outside the field whose layer of the metal 
atom of intra and 3b site was pinched (do-o) The evaluation approach of the positive active 
material for nonaqueous electrolyte rechargeable batteries characterized by calculating inter and 
judging the propriety of this lithium multiple oxide system active material by distortion (ODP) of 
the oxygen octahedron centering on the metal atom of 3b site. 

[Claim 8] The evaluation approach of the positive active material for nonaqueous electrolyte 
rechargeable batteries characterized by the thing it is [ the thing ] suitable as an active material 
in the evaluation approach according to claim 7 with [ an ODP value ] 1.065 [ or less ], and to 
judge. 



http://www4jpdl.ncipi.gojp/^ 2007/03/16 



,JP,11-025980,A [DETAILED DESCRIPTION] 



1/3 ^— v 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to high-capacity-izing of a cell, and the 
improvement in a cycle property (maintenance of high capacity) especially by amelioration of 
positive active material about the positive active material of the nonaqueous electrolyte 
rechargeable battery which uses a lithium, a lithium alloy, or carbon for a negative electrode. 
Moreover, it is related with the evaluation approach of the' above-mentioned positive active 
material. 
[0002] 

[Description of the Prior Art] In recent years, development of small [ which has high energy 
density ], and a rechargeable battery with a lightweight and high capacity is strongly desired with 
the spread of pocket devices, such as a cellular phone and a notebook sized personal computer. 
There is a rechargeable lithiumHon battery which uses a lithium, a lithium alloy, or carbon as a 
negative electrode as such a thing, and researches and developments are done briskly. The 
rechargeable lithium-ion battery which used the lithium cobalt multiple oxide (LiCo02) with 
comparatively easy composition for positive active material is expected as a cell which has a 
high energy consistency since a 4V class high electrical potential difference is obtained, and 
utilization is progressing. 

[0003] however, in order to use an expensive cobalt compound for a raw material, the unit price 
per capacity is about 4 times the nickel hydoride battery — etc. — it becomes the cause of a 
cost rise of a cell at an active material pan. Therefore, the application applied is limited 
considerably. It has a big meaning industrially to lower the cost of an active material and for 
manufacture of a cheaper lithium cell to be attained in the light weight of the pocket device 
which is carrying out current spread, and a miniaturization. 

[0004] The lithium nickel multiple oxide (LiNi02) using the nickel cheaper than cobalt as an 
ingredient with the new positive active material of a lithium cell can be mentioned. In order that 
this lithium nickel multiple oxide may show electrochemical potential lower than a lithium cobalt 
multiple oxide, since decomposition by oxidation of the electrolytic solution cannot become a 
problem easily, high capacity can be expected, and development is performed briskly. However, 
that this lithium nickel multiple oxide excelled [ that ] in stoichiometry is hard to be obtained, and 
is made difficult [ composition ]. this — nickel3+ — an elevated temperature — unstable — un- 
— it is for being easy to take stoichiometric composition LixNi1-x02 (0< x<1) (for example, 
M.G.S. G.Thomas et al, Mat.Res.Bull., 20, 1137 (1985)). Although it is avoidable by using the 
ingredient which was rich in the reactivity of a peroxidation lithium, nickel nitrate, etc. as a raw 
material, handling is difficult for this problem, and since it is expensive as an industrial raw 
material, it cannot attain the purpose of low-cost-izing. 

[0005] Furthermore, a problem is in a cycle property also in the lithium nickel multiple oxide 
excellent in this stoichiometry, as this cause, when Li ion deintercalates, crystallinity falls by 
common yarn teller distortion of nickel ion, and it is reported that charge and discharge transfer 
to a difficult crystal phase (for example, the Sugano ****, electrochemistry 63, No.7,778 (1995).). 
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[0006] Moreover, the fundamental property of such an active material is estimated by actually 
making a cell as an experiment and measuring capacity. It is necessary for the charge and 
discharge test of 1 cycle to be inadequate as evaluation of an active material, since a problem is 
in a cycle property, and to repeat dozens or more cycles, and to also evaluate the maintenance 
factor of capacity. For this reason, the property which was excellent in the lithium secondary 
battery with a large capacity became the evaluation trial of an active material with the adverse 
element, and there was a problem that characterization will take long duration. 
[0007] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is to offer the lithium 
nickel multiple oxide which can raise the cycle property of a rechargeable battery (discharge 
capacity is maintained). Moreover, the appraisal method which can judge the propriety of an 
active material quickly and correctly is offered a technical problem. 
[0008] 

[Means for Solving the Problem] In order to solve the above-mentioned problem, this invention 
person etc. found out that close relation between the crystal structures and the cycle properties 
which were searched for from the powder X diffraction was, as a result of advancing various 
researches. If the crystal structure of this active material is shown typically, it will become like 
drawing 1 (a). 

[0009] Although the NiO two-layer formed from Ni06 octahedron which shares especially an 
Imperial mausoleum is called slab, the charge-and-discharge reaction of a cell advances and it 
acts as an active material because Li ion sandwiched with this (A.Rougier, C.Delmas and 
A.V.Chadwick, Solid State Commun., 94 [2] (1995) 123-127.) slab goes in and out reversibly. 
Therefore, I thought that Ni02 slab structure served as a big guide when getting to know the 
stability of the active material under cell reaction. Then, in order to attain the above-mentioned 
technical problem, as a result of advancing research variously, it found out that close relation 
between the structures of oxygen octahedron and the cycle properties which are shown in 
drawing 1 (b) centering on the nickel nickel atom in slab was. Although written on the regular 
octahedron all over drawing, since die length differs, before Li ****s, in the distance (face-to- 
face) of the distance (inside of the field made from an a-axis and a b-axis) of oxygen 1 and 
oxygen 2, oxygen 1 , and oxygen 3, this octahedron is distorted in practice. When this distortion 
took a certain value, change of a crystal structure was small at the time of charge and discharge, 
and it was imagined as what a lithium ion tends to frequent. 

[0010] Consequently, it turned out by asking for distortion of the oxygen octahedron centering 
on a nickel nickel atom (metal atom of 3b site) from the result of X diffraction lied belt analysis 
that evaluation of an active material is possible, without performing a cell trial in the lithium 
nickel multiple oxide excellent in stoichiometry. 

[001 1] namely, this invention — formula: [Li]3a[nickel1-x-yCox M y] 3b[02]6c — here — it is - 
- 0.75 — < — the addition y:0<=y<=0.15 of the addition x:0.05 <=x <=0.25 metal M of 1-x- 
y<=0.90 cobalt — again — [ — the suffix of ] expresses a site. 

[0012] Distortion of centering on metal atom of 3b site oxygen [ position coordinate / which was 
acquired from the lied belt analysis result of an X diffraction in the lithium multiple oxide of the 
hexagonal system which comes out, is expressed and has the layer structure / atomic ] 
octahedron (ODP=Octahedral Distoration Parameter) 

The oxygen interatomic distance within the field where 0DP=d0-O, intra/dO-O, inter however 
dO-O, and intra are made from an a-axis and a b-axis, dO-O, and inter are positive active 
material for nonaqueous electrolyte rechargeable batteries characterized by this ODP value 
becoming 1,065 or less, when the oxygen interatomic distance outside a field is found. 
[0013] Moreover, in the above-mentioned active material, it is the above-mentioned positive 
active material for nonaqueous electrolyte rechargeable batteries characterized by the lattice 
constant of the a-axis obtained in lied belt analysis being 2.863-2.865A. This idea can be applied 
also when adding Co and Mn (M=Mn) for the improvement in a cycle property, and it serves as a 
guide which acquires the higher addition effectiveness. 

[0014] namely, this invention — formula: It is here. [Li]3a[nickel1-x-yCox Mny] 3b[02]6c — In 
0.75<1-x-y<=0.90, 0.05<=x<=0.25, 0< y<=0.15, and the lithium multiple oxide of the hexagonal 
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system which comes out, is expressed and has the layer structure It is the positive active 
material for nonaqueous electrolyte rechargeable batteries characterized by the distortion of the 
oxygen octahedron centering on the metal atom of 3b site (ODP value) becoming 1.060 or less 
from the atomic position coordinate acquired from the lied belt analysis result of an X diffraction. 
Furthermore, because of the improvement in a cycle property, this idea can be applied, also 
when it is M=aluminum, and it serves as a guide which acquires the higher addition effectiveness. 

[0015] namely, this invention — formula: It is here. [Li]3a[nickel1-x~yCox Aly] 3b[02]6c — In 
0.75<1-x-y<=0.90, 0.05<=x<=0.25, 0< y<=0.15, and the lithium multiple oxide of the hexagonal 
system which comes out, is expressed and has the layer structure It is the positive active 
material for nonaqueous electrolyte rechargeable batteries characterized by the distortion of the 
oxygen octahedron centering on the metal atom of 3b site (ODP value) becoming 1.058 or less 
from the atomic position coordinate acquired from the lied belt analysis result of an X diffraction. 

[0016] Moreover, it has a hexagonal mold and the lied belt analysis result by the X diffraction is 
the positive active material for nonaqueous electrolyte rechargeable batteries characterized by 
the ratios (c/a) of a c-axis lattice constant and an a-axis lattice constant being 4.94 or more 
and 4.96 or less in the lithium nickel multiple oxide which is above-mentioned M=Mn or aluminum 
whose seat pulse duty factor of the non-lithium ion of 3a site is 2% or less. Furthermore, it is the 
above-mentioned positive active material for nonaqueous electrolyte rechargeable batteries 
characterized by the lattice constant of the a-axis obtained in lied belt analysis being 2.855- 
2.870A. 

[0017] 3b[ formula:[Li] a/ 3/ [nickel1-x-yCox My] ] [02]6c Moreover, correct this invention. In 
the lithium multiple oxide of the hexagonal system which is expressed with 0.75<1-x-y<=0.90, the 
addition x:0.05<=x<=0.25 of Co, and the addition y:0<=y<=0.15 of Metal M, and has the layer 
structure It is the oxygen interatomic distance within a field (do-o) from the atomic coordinate 
acquired from the lied belt analysis result by the X diffraction. Distortion of centering on metal 
atom of 3b site oxygen [ find the oxygen interatomic distance outside the field whose layer of 
the metal atom of intra and 3b site was pinched (do-o, inter), and ] octahedron (ODP) 
It is the appraisal method by which it is judging-by ODP= do-o, intra/do-o, and inter-propriety of 
this lithium multiple oxide system active material characterized. With [ said ODP value ] 1.065 
[ or less ] furthermore, it is the evaluation approach of the positive active material for 
nonaqueous electrolyte rechargeable batteries characterized by judging that it is suitable as an 
active material. 
[0018] 

[Embodiment of the Invention] Examination of a crystal structure and stoichiometry can be 
performed using the lied belt analysis (for example, RAYoung, ed., The Rietveld Method, Oxford 
University Press. (1992)) by the X diffraction, and this analysis can ask for the site pulse duty 
factor of each ion used as the index of the integrity (stoichiometry) of a crystal other than a 
lattice constant. 

[0019] In the case of the compound of hexagonal system, there is a site of 3a, 3b, and 6c, and in 
being perfect stoichiometric composition, as for Li and 3b site, as for 3a site, O shows 100% of 
seat pulse duty factor, respectively, as for nickel and 6c site. It can be said that a lithium nickel 
multiple oxide [ as / whose seat pulse duty factor of Li ion of 3a site is 98% or more ] is 
excellent in stoichiometry. If it puts in another way, it can be said that a lithium nickel multiple 
oxide [ as / whose rate of mixing of metal ions other than Li ion to 3a site is 2% or less ] is 
excellent in stoichiometry. 

[0020] In a lithium nickel multiple oxide [ as / whose seat pulse duty factor of Li ion of 3a site is 
98% or more ], if Ni02 slab structure, is stable, deterioration/disassembly of the active material 
resulting from change of the crystal structure at the time of charge can be suppressed. That is, 
if there is little distortion of the oxygen octahedron centering on the nickel nickel atom which 
forms slab, even if it will repeat the cycle of charge and discharge, it is a good active material 
with little capacity degradation. 

[0021] When it thinks as a cell active material, the integrity of a crystal can be maintained even 
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if Li deficit produces it, since it can **** and Li can be inserted. Therefore, it is considered to 
be a good approach that stoichiometry or the integrity of a crystal is actually shown with the 
rate of mixing of the non-lithium ion of 3a site. 

[0022] The active material of this invention is positive active material for nonaqueous electrolyte 
rechargeable batteries whose distortion (ODP) of the oxygen octahedron in Ni02 slab structure 
is 1.065 or less in the above-mentioned lithium nickel multiple oxide and whose lattice constant 
of an a-axis is 2.863-2.865A. 

[0023] Moreover, the active material of this invention is positive active material for nonaqueous 
electrolyte rechargeable batteries whose ratios (c/a) of a c~axis lattice constant and an a-axis 
lattice constant it is the lithium nickel multiple oxide which permuted some nickel of the above- 
mentioned lithium nickel multiple oxide with Co, Mn, or Co and aluminum, and the distortion 
(ODP) of the oxygen octahedron in Ni02 slab structure is 1.058 or less, and the lattice constant 
of an a-axis is 2.855-2.870A, and are 4.94 or more and 4.96 or less. 



[Translation done.] 
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EXAMPLE 



[Example] 

- An example 1 -[composition of active material sample] lithium hydroxide (LiOH-H20: 99% of 
purity), and formula: (nickel1-x-yCox My) The nickel cobalt coprecipitation hydroxide prepared 
so that x and y might become the value shown in ** thru/or ** of the following, respectively in 
(OH) n Weighing capacity is carried out so that a lithium {/[/] (nickel + cobalt) ] atomic ratio may 
serve as a predetermined value respectively shown in ** thru/or ** of the following. Those sum 
total weight of 3.4kg was mixed for 5 minutes using the mixing granulation machine (the product 
made from Fukae Industry; high speed mixer), 430 cc of PVA water solutions was added 2 more%, 
and the granulation was performed for 10 minutes. Next, after collecting granulation objects and 
drying at 100 degrees C for 2 hours, using the magnesia setter, this was heated to 
predetermined temperature with the heating rate of 300 degrees C/h in the ambient atmosphere 
of the oxygen flow rate of 3.0I. / min, and was compounded by holding for 15 hours. 
[0025] ** example 1-1 x= 0.08, y= 0, Li/ = 1.1 and the synthetic temperature =700-degree-C** 
example 1-2 (nickel+Co) x= 0.16, y= 0, Li/ = (nickel+Co) 1.05, synthetic temperature =680- 
degree-C** example 1-3 x= 0.16, y= 0, Li/(nickel+Co) =1.05, synthetic temperature =700- 
degree-C** example 1-4 x= 0.16, y= 0. Li/(nickel+Co) =1.05, and the example 1-1 of a synthetic 
temperature =720-degree-C** comparison x= 0.17, y= 0, Li/ = (nickel+Co) 1.05, example 1-2 of 
a synthetic temperature =750-degree-O* comparison x= 0.17, y= 0, Li/(nickel+Co) =1.10, 
example 1-3 of a synthetic temperature =750-degree-C** comparison x= 0.15, y= 0, Li/ 
(nickel+Co) =1.05, synthetic temperature = 650 degrees C [0026] The X-ray diffraction pattern 
of each sample was measured using the X-ray diffractometer (RADrVB) made from [X 
diffraction] Physical science. By CuK alpha rays (tube voltage of 40kV, 150mA of tube electric 
currents), Measuring conditions are sampling width of face of 0.02 degrees, and the scan speed 
of 4.00 degrees / min, and considered the slit as 1.00 degrees of emissions, and 0.3mm of 1.00 
degree light-receiving of dispersion, respectively, 

[0027] The X-ray diffraction pattern was analyzed based on the R3m crystal model using lied 
belt analyzer XReitan. The atomic coordinate location where it was obtained in the case of the 
example 1-1 as an example is shown in Table 1. 
[0028] 
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[0029] Moreover, distortion ODP of octahedron was calculated based on the following formula. 
[Equation 1] 

0DP= d0-0 N intra/ d0-0s inter 
izfzL^ dO-0 N intra= a 

dO-0^inter= \ i — — 

\j (aV3)4 [ (c/6> -2c(0.25-Z)] 1 

Z shows the X coordinate location of the oxygen atom for which it asked in lied belt analysis 
here, and the value is shown in the Z column of Table 1, Similarly the X column and the Y column 
show the location of X coordinate and Y coordinate among Table 1. a and c are the lattice 
constants of an a-axis and a c-axis, respectively. 

[0030] The rate of 3a site non-Li ion mixing, a lattice constant, and ODP are collectively shown 
in Table 2. example 1- 2, 3, and the examples 1-3 of a comparison asked for the oxygen 
coordinate atom location similarly, and calculated the rate of 3a site non-Li ion mixing, a lattice 
constant, and ODP. A result is collectively shown in Table 2. 

[0031] [Cell trial] The cell was produced as follows using the obtained active material, and 
charge-and-discharge capacity was measured. Acetylene black 6wt% and PVDF(Pori **Hzed 
vinylidene)9wt% was mixed to active material powder 85wt%, and NMP (n-methyl pyrrolidone) was 
added and pasted. It applies so that the active material weight after drying this in the expanded 
metal mesh made from aluminum may become 0.07 g/cm2, and it dries. The vacuum drying was 
performed at 120 more degrees C, and it considered as the positive electrode. The equivalent 
mixed solution of ethylene carbonate (EC) and diethyl carbonate (DEC) which makes UPF6 of 
1M a supporting electrolyte for Li metal at the electrolytic solution was used as a negative 
electrode. It assembles all over the glove compartment of Ar ambient atmosphere on the beaker 
cell shown in drawing 2 . In addition, after it left the produced cell for about 10 hours and its 
open circuit voltage (OCV) was stable, it made current density to a positive electrode 1.0 
mA/cm2, and performed the charge and discharge test by cut-off 4.3-3.0V. A result is shown in 
Table 2. However, a capacity maintenance factor (%) is 100x(100th discharge capacity)/(1 st 
discharge capacity). 



It comes out. 
[0032] 
[Table 2] 
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As shown in Table 2, the rate of non-Li ion mixing of 3a site of an active material is 2% or less, 
and when the value of ODP is 1.065 or less range, it turns out that the cell by which discharge 
capacity has the high engine performance of a capacity maintenance factor highly is obtained. 
[0033] Moreover, although the cell in this example was a cell which uses Li metal as a negative 
electrode, use of the active material of this invention is not limited to this, and Li can also use 
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for a negative electrode reversibly the carbon which can be intercalated, such as a carbon fiber 
and graphite, by the cell reaction. 

[0034] - Replace with the nickel cobalt coprecipitation hydroxide used in the example 1 as 
example 2-[composition of active material sample] raw material powder, and it is a formula. : 
(nickel! -x-yCox Mny) It compounded like the example 1 except having used the nickel cobalt 
manganese coprecipitation hydroxide prepared so that x and y might become the value shown in 
** thru/or ** of the following, respectively in (OH) n. 

[0035] ** Example 2-1 x= 0.16, y= 0.04, Li/(nickel+Co+Mn) =1.0, synthetic temperature =700- 
degree-C** example 2-2 x= 0.10, y= 0.10, Li/(nickel+Co+Mn) =1.0, and the synthetic 
temperature =700-degree-C** example 2-3 x=0.15, y= 0.10, Li/(nickel+Co+Mn) =1.0, and 
synthetic temperature =700-degree-O* example 2-4 x= 0.20, y= 0.05, Li/(nickel+Co+Mn) =1.0, 
and example 2-1 of a synthetic temperature =70Q-degree-C** comparison x= 0 y= 0.20, Li/ = 
(nickel+Co+Mn) 1.0, example 2-2 of a synthetic temperature =700-degree-C** comparison x= 
0.16, y= 0.04, Li/(nickel+Co+Mn) =1.0, example 2-3 of a synthetic temperature =780-degree-O* 
comparison x= 0.10, y= 0.10, Li/(nickel+Co+Mn) =1.0, Synthetic temperature = 650 degrees C 
[0036] It analyzed by measuring the X-ray diffraction pattern of an active material sample like 
the [X diffraction] example 1. The atomic coordinate location in an example 2-1 is shown in 
Table 3. In this analysis, although the mixing metal ion of 3a site was used only as nickel ion, 
even when cobalt, manganese, and three ion of nickel mix, in order to be able to obtain the same 
analysis result and to investigate distortion of a crystal, an error is not produced. 



[0037] 
Table 3] 


®* 


+ 4 h 




X 


Y 


z 


L i 


Sa 


0.98952 


0 


0 


0 


N i 


3a 


0101048 


0 


0 


0 


L i 


3b 


0.00551 


0 


0 


0.5 


N i 


Sb 


0.78559 


0 


0 


0.5 


C o 


3b 


0. 14971 


0 


0 


0.5 


Mn 


3b 


0. 05973 


0 


0 


0.5 


0 


6c 


1.0 


0 


0 


0. 24267 



[0038] Moreover, distortion ODP of octahedron was calculated like the example 1. The rate of 3a 
site non-Li ion mixing, a lattice constant, and ODP are collectively shown in Table 4. In addition, 
although the lattice constant used the result depended on lied belt analysis, evaluation is 
possible even if it uses the value by the usual lattice constant measurement, in order to 
calculate c/a. 

[0039] [Cell trial] Using the obtained active material, the cell was produced like the example 1 
and charge-and-discharge capacity was measured. A result is shown in Table 4. 
[0040] 
[Table 4] 
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K 








c / a 


ODP 










8(A) 


fit ( A ) 






fi(oAh/g) 






1. 05 


2. 8652 


14. 1614 


4.943 


1.055 


192. 5 


97.3 


2-2 


1.27 


2. 8696 


14.1796 


4.941 


1.058 


193.3 


97.5 


2-3 


1-52 


2. 8671 


14. 1749 


4.944 


1.052 


191.6 


98- 1 


2-4 


0. 89 


2. 8653 


14.1622 


4. 943 


1.055 


189.6 


98.4 


Jt 3*812-1 


1.75 


2. 8808 


14.1966 


4. 928 


1.065 


179.1 


93.8 


2-2 


1.26 


2. 8657 


14.1693 


4.944 


1.072 


188.4 


91.6 


2-3 


1.02 


2. 8695 


14.1839 


4.943 


1.068 


192.7 


91.3 



[0041] Some nickel is permuted from Co and Mn as mentioned above, and when this invention 
lithium nickel multiple oxide which controlled ODP or less to 1.060 is used as an active material 
of a lithium secondary battery, it turns out that the cell by which discharge capacity has the high 
engine performance of a capacity maintenance factor highly is obtained. On the other hand, only 
by adding Co and Mn, as the example of a comparison shows, since crystallinity falls, the 
improvement in a cycle property cannot be obtained. 

[0042] - Replace with the nickel cobalt coprecipitation hydroxide used in the example 1 as 
example 3-[composition of active material sample] raw material powder, and it is a formula. : 
(nickel! -x-yCox Aly) It compounded like the example 1 except having used the nickel cobalt 
aluminum coprecipitation hydroxide prepared so that x and y might become the value shown in 
** thru/or ** of the following, respectively in (OH) n. Each synthetic temperature was made into 
700 degrees C. 

[0043] ** example 3-1 x= 0.16, y= 0.03, Li/(nickel+Co+aluminum) =1.0** example 3-2 x= 0.11, y= 
0.03, Li/(nickel+Co+aluminum) =1.0** example 3-3 x= 0.15, y= 0.10, and the Li/ 
(nickel+Co+aluminum) =1.0** example 3-4 x= 0.10, y= 0.10, example 3-1 of a Li/ 
(nickel+Co+aluminum) =1.0** comparison x= 0.10, y= 0.16, example 3-2 of a Li/ 
(nickel+Co+aluminum) =1.0** comparison x= 0.04, y= 0.28, and the example 3-3 of a Li/ 
(nickel+Co+aluminum) =1.0** comparison x= 0 y= 0.16, Li/(nickel+Co+aluminum) =1.0[0044] It 
analyzed by measuring the X-ray diffraction pattern of an active material sample like the [X 
diffraction] example 1. It is shown in Table 5, using the atomic coordinate location in an example 
3-1 as an example. In this analysis, although the mixing metal ion of 3a site was used only as 
nickel ion, even when aluminum, cobalt, and three ion of nickel mix, in order to be able to obtain 
the same analysis result and to investigate distortion of a crystal, an error is not produced. 



;0045] 
Table 5] 




m* 






X 


y 


2 


L i 


Sa 


0.99274 


0 


0 


0 


N i 


3a 


0.00726 


0 


0 


0 


L i 


3b 


0.01342 


0 


0 


0.5 


N i 


Sb 


0. 77913 


0 


0 


D.5 


C o 


3b 


0. 15785 


0 


0 


0.5 


A 1 


3b 


0. 04960 


0 


0 


0.5 


O 


8c 


1.0 


0 


0 


0.24288 



[0046] Moreover, distortion ODP of octahedron was calculated like the example 1. The rate of 3a 
site non-Li ion mixing, a lattice constant, and ODP are collectively shown in Table 6. In addition, 
although the lattice constant used the result depended on lied belt analysis, evaluation is 
possible even if it uses the value by the usual lattice constant measurement, in order to 
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calculate c/a. 

[0047] [Cell trial] Charge-and-discharge capacity was measured like the example 1 using the 

obtained active material. A result is shown in Table 6. 

[0048] 



. 1 able b. 








a 




c /a 


ODP 


1 EJg&« 






A3* 00 


£S*CA) 


5£#<A) 






$&nAb/g 




iKa V» w & 


0. 73 


2. 8627 


14. 1700 


4.950 


1.054 


189.6 


98.4 




1.81 


2. 8630 


14. 1764 


4. 952 


1.056 


194. 1 


97.5 


3-3 


1.56 


2.8614 


14. 1678 


4. 951 


1. 053 


191.3 


97.7 - 




1.61 


2. 8673 


14. 1720 


4. 942 


1.053 


188.9 


98.3 • 


*h&fl)3-l 


2.01 


2. 8580 


14. 2851 


4.963 


1. 060 


175.2 


96.5 


3-2 


1.82 


2.8501 


14. 1927 


4.980 


1.060 


171.3 


97.2 


3-3 


1.97 


2. 8634 


14. 2027 


4.960 


1.063 


159.7 


98. 1 



[0049] Some nickel is permuted with Co and aluminum as mentioned above, and when this 
invention lithium nickel multiple oxide which controlled ODP or less to 1.058 is used as an active 
material of a lithium secondary battery, it turns out that the cell by which discharge capacity has 
the high engine performance of a capacity maintenance factor highly is obtained. On the other 
hand, only by adding Co and aluminum, as the example of a comparison shows, although the 
cycle property of a cell improves, capacity will fall. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EFFECT OF THE INVENTION 

[Effect of the Invention] It is effective in the rechargeable battery which excelled [ use / the 
lithium cobalt multiple oxide by this invention / as positive active material of a nonaqueous 
rechargeable battery ] in the capacity maintenance factor being producible, and according to the 
approach of evaluation of this invention, it is possible to measure the property of the positive 
active material for nonaqueous rechargeable batteries simple and certainly. Therefore, if an 
active material is evaluated and a cell is assembled based on it using the active material and its 
evaluation approach of this invention, it is possible to obtain the lithium secondary battery of 
high performance easily. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is what showed the crystal structure of a lithium nickel multiple oxide typically, 
and (a) is the general drawing and (b) is the enlarged drawing of the oxygen octahedron in the 
Ni02 slab. 

[Drawing 2] It is drawing of longitudinal section of the beaker mold cell used for the trial of 
charge-and-discharge capacity. 
[Description of Notations] 

1. Beaker 

2. Electrolytic Solution 

3. Teflon Plug 

4. Positive Electrode 

5. Counter Electrode (Li Metal) 

6. Reference Pole (Li Metal) 
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♦ NOTICES* 
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DRAWINGS 



[Drawing 1 ] 




[Drawing 2] 
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fcEURLfcfc* 100 < CT-2^K:J!iltfcm, 

* -XT-fey* — SrfflV>Tgf^gK43.0!; y h/u/rainro# 

fflftT?. 300"C/hOiDS?R)i*T*@f^iaa*-C3!lOfaU, 15 

[0 0 2 5] ©HffiWl-l x=0.08. y =0, Li/(Ni 
+Co)=l.l, &&M&=7 OOt 

©HJ6W1-2 x=0.16. y=0, Li/(Ni+Co) = 1.05, 

6 8 0t 

®HJSWl-3 x=0.16, y=0, Li/(Ni+Co)=1.05, 

7 oox: 

©Stfe^Jl-4 x=0. 16, y=0, Li/(Ni+Co) = 1.05, 
7 2 0*C 

©ifc$5!0i] 1 - 1 x=0. 17. y=0, Li/(Ni+Co)=1.05, 
^i&g=7 5 0t 

©tttfe^J 1-2 x=0. 17, y=0, Li/(Ni+Co) = 1.10, 

£&u&=7 5 ox: 

®it|55t9Jl-3 x=0. 15, y=0, Li/(Ni+Co) =1. 05, 
GtiLmX^B 5 0*C 

[0026] [xmmvn (») Mx^ssrss 

(RADrVB) £fflV>T, 4tM40XlilEl9rBI^«rff]t L 
fc„ Mfi*frli. CuKaiH (Wmffi4 0kv, ^SiSfEl 
5 0 mA) »Cj;91rV7'!; V^*S0.02° , 00 
0 /rain-C, X^y h «r-tn**t»*l. 00° , ftftl.00 
0 gJtO. 3mm t Lfc„ 

[0 0 2 7] Xi&®fr0^£y-r'</Urft?$f:7*n^7 
AXReitan^fflV>TR3m(O^S^r>'HC:S^^^«f«r^o 



[0 0 2 8] 



(5) 



*- mi) 



[0029] ttzAm^<om^oD?^(o^\zm^ * [&u 

0DP= d0-0 N intra/ dO-CMnter 
izfii dO-0 N intra = a 
d0-0> inter = 
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X 


Y 


z 


L i 


3a 


0.99071 


0 


0 


0 


N i 


3a 


0.00929 


0 


0 


0 


L i 


3b 


0.01182 


0 


0 


0.5 


N i 


3b 


0.82019 


0 


0 


0.5 


C o 


3b 


0. 16799 


0 


0 


0.5 


0 


6c 


1-0 


0 


0 


0. 24207 



(aV3)< [ < c/6) -2c(0.25- Z)3 ' 



5o sit. xfflast/YflaiiPiu.< xmmx.TSY&m<o 

[0 0 3 0] 3at^f t-^Li^*VlA$, fc^fc* 

3, Jt«0iJl~3'blSI«tSe*ffiSJS-¥-E!lSr*«>s 3 
[0 0 3 1] L^mmi fcbftfcfiHWtfcHvvCttT 

$515 8 5wt%l-T-fef-U'Vy7 y * 6wt%*J itfPVDF 
WJ^bC-y^^) 9wt%£jg-g"U NMP (n- 



★ «#0. 0 7g/cm'l!ltt6JC9l!:»*U Wit*. 

UTL i /^/wSr, fMHSfcttlMOL » PF.*£«Mt: 
t«f jifi/y*-^- h (EC) b*Sx.f-A'*—tf 
(DEC) ©«fi:»&*««:JBv*fc. H2ic*-t 

30 BE (OCV) tffcjtbfcfc, XttKAtt*SflUMA*l. 
OmA/cra i: U, * y h *74. 3-3. 0VC*»rtlWI*tf o 

fc 0 te*fc*2n:*i-. fc£L8ft*m* (%) 14. 

ioox (i o oiaiBroassgft) / (iiiiB<oaes 
ft) 

[0 0 3 2] 
[$2] 



K 


3*vi vm 






ODP 




Hit** 




A? <*> 


R CA> 


tt (A) 




HtiWz) 






0. 63 


2. 8696 


14.1673 


1.060 


188.2 


97.5 


1-2 


0. 93 


2. 8638 


14.1531 


1.055 


191.4 


97.9 


1-3 


0. 79 


2. 8649 


14. 1592 


1.058 


189.0 


98.9 




0. 99 


2. 8645 


14.1581 


1.060 


192.3 


98.$ 




1.70 


2. 8676 . 


14.1631 


1.071 


185.5 


93.7 


1-2 


0. 82 


2. 8666 


14.1603 


1.070 


189.4 


93.8 


1-S 


1. 63 


2. 8626 


14.1519 


1.068 


187.8 


94.5 



&2\ObZ>£ 5 l-^KW 3 a1h< KD^L i 50 2 %WTT-fc 9 . OD P 9>*» 1 . 0 6 5^7(0 
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[0 0 4 2] -HJfe#J3- 

^>;^3 / w h xfrfrmtvo \cixz-Xy 

5£: (NirryCox Aly) (OH) » 
ft 5 £ 9 IdHSt Lfc - y h 7 )\> 5 ~ V 

-&jsfcffltf li^ftfc 7 0 O'Ci Ufco 

[ 0 0 4 3] CDHi£0ij3-l x=0.16, y=0.03,Li/ 
(Ni+Co+Al) = l.O 

©HJfe#J3-2 x=0. 11, y =0.03, Li/(Ni+Co+Al) = 
l.O 

<3>Htfe033-3 
l.O 

©SMHW3-4 
l. 0 

©lt®^J3-l 
l.O 

©it^J3-2 
l.O 

©Jt«#J3-3 
l. 0 

[ 0 0 4 4 l [xflua^f] 1 t |B]«lc:S««K» 
^AWf-CIl* 3aN h^iSA&JS-Y^fc-y^A^ 



(7) 1-2 5 9 8 0 

12 

[00 4 5] 



10 



x=0.15, y=0.10, Li/(Ni+Co+Al)^ 

x = 0 . 10, y =0. 10. Li/(Ni+Oo+Al) = 

x =o. 10, y =0. 16, Li/(Ni+Co+Al) = 

x=0.04, y=0.28, Li/(Ni+Co+Al) = 

x =0 , y=0. 16, Li/(Ni+Co+Al) = 









X 


Y 


2 


L i | 


Sa 


0.99274 


0 


0 


0 


N 1 


3a 


0.0072S 


0 


0 


0 


L i 


3b 


0.01342 


0 


0 


0.5 


N t 


3b 


0. 77913 


0 


0 


0.5 


Co 


3b 


0. 15785 


0 


0 


0.5 


A I 


3b 


0. 04960 


0 


0 


0.5 


0 


Be 


1.0 


0 


0 


0.24268 



20 



[0 0 4 6] xttm tn«ncAffi#oa*oD 

P 3at^h^Li 4 

j3.£l)<ODP£*i:*T&6 \zm-f, te^&li 

[oo4 7] ®htiitm®>nzR^x. n 

ttfl 1 1 mmuzi&m®&zmfe Lit. 6 ktf 
-r. 

[0 0 4 8] 

[ie] 



«»• 


3eMFa 


aW 




c/a 


ODP 


1 E)BJfc« 






ASKX) 


£8t(A> 


£#(A> 








$ («) 




0.73 


2.8627 


14. 1700 


4. 950 


1.054 


189.6 


98.4 


3-2 


1. 81 ' 


2.8630 


14." 1764 • 


4. 952 


1. 056 


194. 1 


97.5 


3-3 


1.56 


2.8614 


14. 1678 


4. 951 


1.053 


191. 3 


97.7 


3-4 


1.61 


2. 8673 


14. 1720 


4. 942 


1.053 


188.9 


98.3 




2. 91 


2. 8580 


14. 2851 


4. 963 


1.060 


175.2 


96.5 


3-2 


1.82 


2.8501 


14- 1927 


4.980 


1.060 


171.3 


97.2 


3-3 


1.97 


2. 8634 


14.2027 


4. 960 


1.063 


159.7 


98.1 



[0 0 4 9] &L±<D£ b\C-y>TJi><D-%i>i:Co%SfA 
IftgU ODPJ1. 0 5 8WTfc*J*l'fc#»W 40 

Jtt Ltm^H*. 

4aM6TLTL*5. 
[0 0 5 0] 



9, #£8offFfl5©#ifefc:J:;h,tf. fBSffi^ojfcJilc:^*. 

[SI] !J^*A=S">-A'«[B«fc«©»*flia*«*W 
(C^Ufct(DT-, (a) f4-tO£ftia, (b) fi-tON 

[0 2] *»«aEftOKRIi»V^fclf-*-fi*»»» 
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1. 

2. 

3. r7n>t 



( • ) 



0(96(90 



o 



L i 



(sltb) 



0(9Q(9o 



ort o 



LP 



O 



(8) 



*4. Effi 

5. am (l i&jR) 

6. (L i&JS) 



( s) 




1-25980 
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[02] 
0 © 
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